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Elizabeth Dean 
Management of the late sequelae of 
poliomyelitis is based on their underlying 
pathophysiology and on a limited number of 
research reports. 
The key elements of management including the 
history, assessment and possible interventions 
are described in this article. The indications for 
intervention and its parameters are determined 
on an individual basis to maximise the benefit-
to-risk ratio. Heavy resistive or exhaustive 
exercise, for example, cannot be supported 
physiologicallyas a means of preserving function 
in most patients. However rest, pacing of 
activities, lifestylemodification, orthotic fitting, 
weight control, use of aids and devices should 
be of value. Despite the importance of rest, 
inactivity is associated with detrimental side 
effects which can be accentuated in the patient 
with the sequelae of poliomyelitis. Research is 
needed to establish criteria for prescribing 
therapeutic interventions including rest and low-
intensity exercise for the post-poliomyelitis 
population. 
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Post-poliomyelitis sequelae: 
A pathophysiologic basis for 
management 
T he late sequelae of poliomyelitis primarily include fatigue, 
weakness, pain, breathing 
difficulty, decreased endurance, 
problems with swallowing and 
choking, cold sensitivity and 
psychological problems (Bruno 1985, 
Codd et a11985, Cosgrove et a11987, 
Dalakas et al 1986, Fischer 1985, 
Frustace 1988, Halstead and Rossi 
1985, Halstead and Wiechers 1987, 
Jubelt and Cashman 1987, Perry and 
Fleming 1985, Yarnell 1989). The 
pathophysiology and clinical 
presentation of poliomyelitis and its 
sequelae have been described in the 
accompanying article by Westbrook 
(1991). The purpose of the present 
article is to describe the management 
of post-poliomyelitis sequelae in 
relation to their underlying 
pathophysiology and the related 
literature. 
Diagnosis and management of post-
poliomyelitis sequelae have been 
hampered by several factors. The 
complaints are nonspecific and occur 
after several decades of stable 
functioning, the diagnosis is one ·of 
exclusion, and no definitive diagnostic 
test is available. Symptoms may occur 
in previously unaffected as well as in 
affeCted limbs. Many health-care 
practitioners are unfamiliar with the 
late sequelae of poliomyelitis. Patients 
often have difficulty accepting late-
onset functional deficits. Even though 
conventional strengthening programs 
may result in short:"term improvement 
in some patients, the long-term benefit 
of such treatment is questionable. 
Finally, since disability may restrict 
activity contributing to a cycle of 
deconditioning with further weakness, 
fatigue, and functional deterioration, 
assessment is incomplete without 
evaluation of the patient's exercise 
responses. 
Assessment 
A thorough assessment should 
include the history and a thorough 
physical examination of the 
neuromuscular, musculoskeletal and 
cardiorespiratory systems along with 
relevant laboratory investigations. 
History 
A detailed history includes age at the 
onset of acute illness, the presentation 
and course of the disease, the recovery 
and status at peak recovery, and the 
occupational and recreational activities 
the patient could perform at peak 
recovery. Any changes in physical 
status and function since peak recovery 
are reviewed chronologically (eg, 
changes in the degree of fatigue, 
muscle strength and endurance, pain, 
breathing difficulty, cardiorespiratory 
endurance, swallowing difficulty or 
choking, told sensitivity and 
psychological status). Although 
autonomic dysfunction occurs less 
frequentiy,urinary,gastrointestinal 
and sexual dysfunction may also be 
reported. Modifications in activities of 
daily living including work, home and 
leisure activities are recorded, as well 
as in the use of orthoses, walking aids 
and mobility devices. Medications are 
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reviewed with respect to type, purpose, 
dosage, course, and any side effects 
that mimic the late sequelae of 
poliomyelitis. 
Physical Examination 
a) The Neurological and 
Musculoskeletal Systems 
Neurological and musculoskeletal 
status has been emphasised in the 
physical examination of the patient 
with a history of poliomyelitis 
(Halstead and Wiechers 1985, 
Halstead and Wiechers 1987). Thus, 
manual muscle testing, measurement 
of range of motion, musculoskeletal 
scans, tests of joint laxity, limb length 
measurements and gait analysis are 
routinely performed. Manual muscle 
testing is limited in this population 
because normal strength can be 
measured with as much as a 60 per cent 
loss of motor units (Sharrard 1953, 
Perry et al 1989). Measurement of 
range of motion helps to distinguish 
joints that have developed 
compensatory hyperextension or 
contracture. 
The patient's stature and resting 
posture are included in the gait 
analysis. Gait symmetry and the use of 
aids offer clues to patterns of overuse, 
and provide an index of the energy cost 
of ambulation. The greater the 
deviation from midline during the gait 
cycle the more likely it is that energy 
expenditure exceeds normal values 
(Dean and Ross 1988). This may 
explain the increased fatigue and 
decreased endurance in some patients. 
Other neurological and 
musculoskeletal late-onset problems 
include muscle fasciculations, cramps, 
tingling parasthesias and radicular 
symptoms secondary to spinal 
deformities Gubeltand Cashman 
1987). In addition, mononeuropathies 
have been reported with the use ·of 
walking aids (Maynard 1985, Werner 
et aI1989). 
Any deformities, degenerative joint 
changes and chronic soft tissue lesions 
such as tendonitis~ bursitis and fasciitis 
are described and the chronology of 
changes noted. Fixed deformities 
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should be distinguished from 
compensatory deformities (Smith 
1959). Degenerative joint disease is 
accelerated in both the affected and the 
compensating unaffected side in 
patients with a history of poliomyelitis 
and warrants careful assessment (perry 
and Fleming 1985). Soft tissue injuries 
and arthritic conditions can both result 
from and lead to disuse or overuse of 
muscles and joints, muscle weakness, 
muscle strength imbalance and 
musculoskeletal malalignment. These 
insults are important since they 
perpetua'te a cycle of declining activity, 
deconditioning, increased weakness 
and pain, and further functional 
deterioration. 
The rate and causes of falling in 
patients with a history of poliomyelitis 
require investigation. Patients may 
accommodate to an increase in falling 
frequency and attribute this to ageing. 
Common causes of falls include an 
uncorrected drop foot or buckling 
knees. 
Electromyography (EMG) studies are 
used to detect progressive muscular 
atrophy and denervation in 
poliomyelitis-affected muscles 
(Cashman et a11987, Dalakas 1988). In 
characterising muscle changes, 
Feldman (1988) reported that EMG 
could provide the basis for differential 
diagnosis of the late sequelae of 
poliomyelitis. However, Cashman et al 
(1987) reported that EMG lacked 
specificity in distinguishing stable 
patients from those with new 
weakness. Although EMG may be 
limited with respect to diagnosing 
post-poliomyelitis sequelae, it may 
have some role in characterising 
muscle fatigue and recovery (Milner-
Brown and Miller 1989). EMG has 
been used to assess swallowing in 
patients with dysphagia (Coelho and 
Ferrante 1988, Logemann et a11989, 
Pahner et aI1989). Nerve conduction 
Studies are used to rule out nerve 
compression and e.ntrapment 
syndromes which can be associated 
with chronic overuse of muscle and . the 
use of mobility aids (Werneret al 
1989). 
The excessive energy cost associated 
with pathologic gait, and the use of 
orthoses and walking aids (Dean and 
Ross 1988, Fisher and Gullickson 
1978, Patterson and Fisher 1981, 
Waters et a11978) can contribute to 
fatigue and reduced physical 
endurance. Oxygen consumption 
studies can assess the energy cost of 
submaximal work rates which can be 
compared with normal values to 
determine the effect of a patient's gait, 
with or without orthoses and walking 
aids, on movement economy (Dean 
and Ross 1991). 
b) Cardiorespiratory .system 
Cardiorespiratory complications 
associated with post-poliomyelitis 
sequelae and their assessment have 
been less well described than the 
neurological and musculoskeletal 
problems. These are important 
however, in that residual respiratory 
complications may be life-threatening 
(Fischer 1985, Hamilton et a11970, 
Lane 1974, Nichols etaI1972). The 
fact that patients may not have had 
respiratory complications at the initial 
onset of poliomyelitis does not 
preclude late-onset complications 
(Dean et aI1991). Furthermore, 
cardiorespiratory deconditioning may 
contribute to late-onset fatigue, 
weakness and reduced endurance, and 
associated functional deterioration 
(Agre 1989).The negative 
consequences of inactivity on the 
cardiorespiratory and cardiovascular 
systems are well known (Chobanian et 
a11974, Hahn Winslow 1985) and 
these effects can be accentuated in the 
patient with the late sequelae of 
poliomyelitis (Howard et al 1988). 
Complaints of shortness of breath, at 
rest and during exertion, and their 
potential causes should be investigated. 
The assessment should include a 
review of respiratory muscle 
involvement, the chest walland the 
abdominal muscles, swallowing and 
breathing control. Cardiorespiratory 
limitation may be reflected by the 
number of pillows used by the patient, 
peripheral swelling, cyanosis, sleep 
disturbances, memory or concentration 
problems, daytime somnolence, 
snoring, sleep apnea, morning 
headaches, phlegm, choking and 
difficulty coughing and swallowing. 
Other factors contributing to 
cardiorespiratory dysfunction must be 
excluded. 
Increased fatigue and reduced 
physical endurance can result from 
cardiorespiratory limitations and 
deconditioning. Dean and Ross (1991) 
reported that patients with a history of 
poliomyelitis showed a range of. 
conditioning levels. In some pat:J.e.n!S, 
physical disability may reduce act:J.Vlty 
level and conditioning, whereas in 
other patients the disability may 
provide a training stimulus. 
Useful tests of lung function include 
spirometry and respiratory muscle 
strength. Although spirometry can 
reveal a restrictive impairment of lung 
function in patients with a history of 
poliomyelitis, inability of the 'patient to 
inhale adequately may result ill 
reduced forced expiratory volumes 
(Miller 1986). Dean et al (1991) 
reported that forced expiratory 
volumes were decreased in these 
patients and that these volumes were 
significantly lower for individuals who 
were mechanically ventilated or who 
were older than 10 years of age at 
onset of the disease. These 
investigators also observed inspiratory 
and expiratory muscle weakne~s and a 
disproportionate effect on expIratory 
muscle strength. This report suggested 
that a weak, ineffectual cough could be 
expected in a proportion of patients 
and that these people were at risk of 
aspiration. Tests of respiratory muscle 
strength however, provide no clue as to 
whether the respiratory muscles are 
weak secondary to disuse or are 
chronically fatigued. Thus, the 
potential role of respiratory mu.sc!e . 
strengthening or endurance traInIng ill 
this patient population is not known. 
Although maximal exercise testing to 
assess work performance in patients 
with the late sequelae of poliomyelitis 
has been reported (Alba eta11987, 
Joneset a11989, Owen and Jones 
. 1985), the use of submaximal exercise 
testing may be more useful. . 
Submaximal exercise·testing has been 
advocated over maximal exercise 
testing for post-poliomyelitis patients 
(Dean and Ross 1988) and for othet 
disabled &"I"0ups (Fletcher et al1988). A 
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submaximal test can provide an index 
of cardiorespiratory conditioning while 
minimising the sources of invalidity 
that plague the maximal exercise 
testing of disabled persons (Compton 
et a11989, Fletcher et alI988). An 
exercise test limited by fatigue, pain, or 
physical disability cannot be 
considered a maximal test and 
conclusions drawn from such tests are 
highly questionable. 
A submaximal walking test can be 
performed for ambulatory patients or a 
wheelchair propulsion test for 
wheelchair users. Baseline heart rate 
and rhythm, and blood pressure are 
recorded. Subjective measures 
including fatigue, perceived exertion 
and pain using an analog scale or 
modified Borg scale (Borg 1982) can 
provide a seIni-quantitative gu!de for 
terIninating the test and ensunng the 
patient's safety. The protocol can 
either be continuous or interInittent, 
and either incremental or steady-state 
depending on the objectives of the test. 
A steady-state protocol is associated 
with relatively little risk and can 
provide a profile of the patient's 
physiologic exercise responses to a 
functional submaximal work rate. 
Patients may walk on a treadmill, or 
walk with aids or wheel at a 
comfortable speed over a horizontal 
circuit which has distance markers 
around it. (Assessment of work 
performance during walking is ideal if 
patients are ambulatory. If necessary, a 
lower extreInity cycle ergometer can be 
used. Its advantages however, may be 
outweighed by the fact that the work 
rate caunot be adequately standardised 
if muscle imbalance is present. Further, 
arm cranking is contraindicated for 
individuals with severe upper extreInity 
involvement Or cardiovascular disease.) 
Heart rate and blood pressure are 
recorded at predetermined times ot 
distances. A physiologiC steady-state is 
achieved when the heart rate and blood 
pressure remain within a few beats and 
a few Inillimetres of mercury 
respectively over at least fiv~ minutes. 
The rate pressure product (Ie, the 
ptoductof heart rate and systolic b~ood 
pressure) provides an index of cardiac 
output and myocardial oxygen 
demand. This product normally 
increases three to five fold with 
maximal exertion (Alba et alI987). 
Thus, the workload intensity 
experienced by the patient can be 
estimated. The patient maintains a 
steady-state work rate for at least five 
to 10 minutes provided no abnormal 
exercise responses occur or test 
terInination criteria are reached (Jones 
and Campbell 197 5). 
Parameters of Intervention 
The most challenging aspect of 
managing post-poliomyelitis sequelae 
is determining the indications for 
intervention. Outcomes of the 
assessment include no intervention, 
prescription of a balance of activity and 
rest, reduced activity or exercise, 
modified exercise prescription, re-
education of postural alignment, 
prescription of walking aids and 
devices, recommendations for 
significant lifestyle chang~s or some 
combination of these. Pat:J.ent 
education regarding the late sequelae 
of poliomyelitis and preventative 
strategies should be instituted 
regardless of the outcome of the 
assessment. 
A thorough baseline assessment 
should be performed for all patients 
with a history of poliomyelitis 
irrespective of whether late sequelae of 
the disease are suspected. Such an 
assessment can help determine 
appropriate medical and surgical 
procedures as well as predicting 
possible adverse consequences of these 
procedures. By maintaining optimal 
health and conditioning, both visits to 
physicians and hospital may be 
IniniInised. If the patient is 
hospitalised, it is likely that the ~tay. 
will be shorter and fewer comphcat:J.ons 
will be experienced than Inight . 
otherwise have . been expected (Howard 
et aI1988). . 
Given that there is no cure for the 
late sequelae of poliomyelitis, 
maxiInising the benefit-to .. risk ratio of 
intervention in the short and long term 
is the objective of management. If no 
intervention is indicated, patients are 
assumed to be controlling their 
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symptoms by effectively balancing 
activity and rest. Such individuals are 
fulfilling their daily obligations while 
maintaining a social life and 
recreational interests, and the rate of 
phyilicaldeterioration over the 
forthcoming years is likely to be 
minimised. If intervention is indicated, 
then each of the post-poliomyelitis 
sequelae is addressed individually. The 
potential causes of each of the sequelae 
must be identified so that intervention 
can he directed towards relieving the 
cause wherever possible. Implicit in 
successful management is the patient's 
ability to self-monitor and modify 
interventions as the need arises. 
Fatigue 
Fatigue is the most common 
complaint of patients experiencing the 
late sequelae of poliomyelitis (Codd et 
a11985, Cosgrove eta11987, Halstead 
et a11985, Halstead and Rossi 1985). 
Possible causes include both locally 
and centrally mediated factors. Local 
fatigue is associated with overwork of 
specific musCle groups. Localised rest, 
orthotics or both are prescribed to 
provide adequate protection to the 
involved muscles and joints. Central 
fatigue is associated with generalised 
muscle overwork, excessive energy 
expenditure with impaired economy of 
movement, cardiorespiratory 
deconditioning or some combination 
of these factors. Central fatigue can be 
assessed with fatigue scales such as an 
analog scale ora modified Borg scale 
(Borg 1982). These subjective 
measures provide an adjunct to 
assessment and prescription of 
interventions, and for educating 
patients about fatigue. 
Activity-rest logs record fluctuations 
in fatigue with activity and identify 
those activities that exacerbate and 
mitigate fatigue. This information 
provides a rational basis for energy 
conservation programs and activity 
pacing. If generalised fatigue is 
attributed to overwork, the patient can 
be instructed to rest or discontinue an 
activity if a given fatigue level is 
exceeded. There should be no 
resumption of the activity until fatigue 
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has abated or returned to a specified 
low level. If fatigue cannot be managed 
on the basis of activity reduction and 
rest, significant lifestyle changes need 
to be instituted, eg, modification of the 
work sitUation, home management or 
self-expectations. 
Patients may need to consider 
intermittent or continuous use of 
orthoses, walking aids and devices. 
Light-weight, durable materials have 
largely replaced the heavier materials 
formerly used in brace construction. 
These light-weight materials 
significantly reduce the workload 
imposed on the patient. In addition to 
the weight oEan orthosis, the adequacy 
and weight of the patient's footwear is 
considered. Light- weight, well-
supported walking shoes that can 
comfortably accommodate an orthosis, 
if necessary, should be recommended. 
Intermittent rather than continuous 
use of canes and crutches, or of manual 
and electric wheelchairs, may conserve 
energy when physically demanding 
situations are anticipated. 
Disability is frequently associated 
with reduced activity and potential 
weight gain (Gibbons 1983). Even 
relatively small increases in body 
weight in a person with the late 
sequelae of poliomyelitis may produce 
fatigue, strain on muscles and joints, or 
contribute to deconditioning, 
increased energy cost for a given 
submaximal work rate, and greater 
difficulty ambulating, transferring or 
manoeuvring a wheelchair. Body 
weight norms overestimate the 
appropriate weight of those who have 
had poliomyelitis and have poor 
musculoskeletal development. 
Depending on the degree of impaired 
growth and development, the patient 
should ideally be in the low to middle 
end of the body mass index (BMI) 
range. The BMI equals weight (kg) 
divided by height (metres squared). 
The normal range is between 20 and 
25. The BMI can be used to provide 
guidelines for weight loss in a weight 
reduction program. Although the BMI 
can be a useful determinant of ideal 
body weight, this measure reflects the 
validity of the vreight and height 
measures. To obtain a valid height, 
shoes should be removed. In some 
cases, adjustments need to be made for 
spinal curvatures. If the patient is 
unable to stand, height can be 
measured in the supine position. 
Weakness 
New or increased muscle weakness is 
caused by chronic overwork, disuse or 
both in those in whom the sequelae of 
poliomyelitis are evident. Chronic 
overuse in both affected and unaffected 
muscles is determined on the basis of 
the history and physical examination. 
Grimby et al (1989) reported that 
diminished biochemical reserves in 
muscles was a frequent finding and 
made those people who had had 
poliomyelitis unable to respond to 
normal training stimuli. It is evident 
from this finding that heavy, resistive 
exercise and modalities such as 
electrical nerve stimulation cannot 
improve the function of partially 
denervated musCle and are likely to 
contribute to muscle overwork 
(Bennett and Knowlton 1958, 
Knowlton and Bennett 1957). Short-
term strength gains have been reported 
in some of these patients following 
training (Einarsson and Grimby 1987, 
Feldman 1985, Feldman and Soskolne 
1987). Feldman and Soskolne (1987) 
described the use of nonfatiguing, 
strengthening exercises for patients 
exhibiting the late sequelae of 
poliomyelitis, and Einarsson and 
Grimby (1987) applied training 
parameters appropriate for able-bodied 
persons. Although Feldman's protocol 
(Feldman 1985) appeared in the 
literature several years ago, his results 
have not been published in detail. 
Further, Einarsson and Grimby (1987) 
expressed reservations about the long-
term effects of their training program. 
The efficacy of isolated musCle training 
for patients with the late sequelae of 
poliomyelitis remains inconclusive. A 
problem with isolated muscle training 
is the possibility of contributing to 
further overuse given the highly 
specific exercise response such training 
elicits (Bilowet 1968, Dean et a11989, 
Gonyea and Sale 1982). It is apparent 
that the role of strengthening exercises 
in the management of disuse weakness 
in this group of people warrants 
further study. A treatment that could 
lead to further deterioration of already 
overworked muscle with little 
identifiable long-term gain is not 
supported. If weakness is secondary to 
chronic overwork and fatigue, muscles 
require rest (Perry 1985). Orthoses can 
rest isolated muscles and rest can be 
prescribed semi-quantitatively based 
on the results of an activity-rest log. 
Muscles affected by poliomyelitis 
readily atrophy with disuse, thus 
strength changes should be monitored 
closely following prescription of 
reduced activity, rest and orthoses. If 
weakness is secondary to disuse, low-
intensity nonfatiguing strengthening 
exercise or low-intensity aerobic 
exercise may have some role. 
Pain 
Pain associated with the late sequelae 
of poliomyelitis is caused by chronic 
overwork of muscle and biomechanical 
strain in both the affected and the 
apparently unaffected limbs or trunk. 
Limiting the contributing factors to 
pain, (eg, repetitive, continuous 
movements, postural stress, limb-
length discrepancy, biomechanical . 
malalignment) is a primary goal (Smith 
and McDermott 1985). Pain may result 
from hyperextension of joints 
particularly weight-bearing joints, or 
from contractures. Stretching is 
prescribed cautiously given that 
contracted joints may serve a 
protective function. 
Maintaining optimal biomechanical 
alignment in any patient who reports a 
history of poliomyelitis is a principal 
treatment goal. Patients adapt their 
gait to reduce energy expenditure 
(Cerny 1978, Cerny et aI1980). The 
major considerations in optimising 
energy expenditure during gait include 
minimising strain and energy cost, and 
maximising safety. When energy cost 
exceeds the capacity of muscles to meet 
this demand, chronic muscle fatigue 
results (Grimby et al 1989). In this 
situation, prescriptive rest and a 
judicious balance between activity and 
rest, rather than an exercise program 
per se, will be more beneficial in 
preserving function. 
Pain can indicate ongoing muscle 
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damage (Gibson and Edwards 1985), 
therefore the causes should be 
identified. Rest periods can be 
prescribed on the basis of a 
predetermined level of pain. Joints are 
protected by reassessing old as well as 
prescribing new orthoses, and by 
prescribing walking aids and devices or 
the use of a wheelchair, at least for 
those situa,tions in which pain is 
aggravated. A pain threshold above 
which the patient is instructed to 
discontinue an activity can be defined 
using a pain rating scale. 
Pain secondary to deformity may be 
alleviated with appropriate orthotic 
fitting (McNelis 1989, Perry et al 
1989, Young 1989). Limb-length 
discrepancy is common in patients who 
have had poliomyelitis and can be 
corrected with shoe lifts or insoles. In 
cases of lower extremity deformities 
such as genu valgum or recurvatum, 
the use of a cane in conjunction with a 
knee brace may control discomfort and 
enhance function. A long-leg brace 
may provide further support with 
marked lower-extremity weakness and 
instability. The use of a cane or 
crutches with a brace may be indicated 
to maximise gait stability and function. 
Correcting gait deviations constitutes 
a significant challenge in that some 
deformities have gone uncorrected for 
many years, and patients are often 
hesitant to change or consider the need 
for aids and devices (Kohl 1987, 
Waring et a11989, Westbrook 1991). 
Biomechanical adaptation to new aids 
and devices is a slow process for the 
patient, necessitating a gradual gait re-
education program. Older patients 
with extreme deformities may not be 
good candidates for drastic changes in 
their orthoses and postural alignment. 
Although pain control measures such 
as medication and acupuncture may 
have some role in the management of 
pain secondary to post-poliomyelitis 
sequelae, these measures do not 
replace the treatment of the causes of 
the pain (Florence and Hagber~ 1984, 
Gibson and Edwards 1985, Sll11th and 
McDermott 1985). 
Breathing difficulty 
Shortness of breath secondary to a 
history of poliomyelitis can result from 
weakness of the respiratory muscles 
and altered breathing mechanics. 
Those patients manifesting late-onset 
breathing difficulty or abnormal . 
pulmonary function are not necessanly 
those who were mechanically 
ventilated at onset of the disease nor 
subject to other risk factors of the late 
sequelae of poliomyelitis (Dean et al 
1991). In addition, because some 
patients have accommodated to low-
intensity activities, abnormal 
pulmonary function may not be 
manifested and go unreported by the 
patient. Pulmonary function testing is 
therefore recommended for any 
patient with a history of poliomyelitis. 
The conditions under which a patient 
experiences shortness of breath 
whether it be at rest, during 
recumbency, or during exercise must 
be identified. Patients experiencing 
shortness of breath at rest or during 
the night may require prophylactic 
respiratory care and intermittent 
ventilatory support. Modifying the 
number of pillows or body position at 
night may provide some relief. 
Shortness of breath on exercise may be 
secondary to deconditioning which 
may be determined on the basis of an 
exercise test. Ifhowever, this symptom 
is secondary to impaired pulmonary 
function, it may be controlled with an 
activity pacing regimen. Also, patients 
are cautioned to avoid smoking, and 
exposure to passive smoke, polluted 
environments, flu and colds. 
Reduced endurance 
Causes of reduced endurance 
associated with the late sequelae of 
poliomyelitis include impaired muscle 
function, impaired movement 
economy, cardiorespiratory 
deconditioning or some combination 
of these factors. Aerobic exercise 
offsets the negative consequences of 
reduced activity as well as enhancing 
endurance capacity (Alba et a11985, 
Dean and Ross 1988, Owen and Jones 
1985, Twist and Ma 1986). The 
indications for such a program 
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however, are determined individually. 
Aerobic or endurance training is 
contraindicated for individuals who are 
operating at a high physiologic 
workload in order to perform their 
daily activities. In this case, a balance 
of activity and rest is prescribed to 
optimise work output and function 
(Dean et al 1989). Han exercise 
program is contraindicated, strength 
can be maintained by continuing 
functional activities within the limits of 
fatigue and discomfort (Maynard 
1985). If a patient is deconditioned 
however, and a modified program of 
aerobic exercise is nbtcontraindicated, 
the type, intensity, frequency, duration 
and course of the program should be 
prescribed on the basis of the 
assessment, activity-rest log and an 
exercise test. Walking is an ideal 
activity for an exercise program 
because it is functional, maintains 
optimal strength to perform this 
activity, and may enhance submaximal 
exercise capacity and movement 
economy. Should walking be 
contraindicated however, aquatic 
exercise and swimming can provide an 
adequate aerobic training stimulus 
using the less affected limbs while 
resting overworked limbs. Selected 
individuals may benefit from tlpper-
extremity exercise. Upper-extremity 
work needs to be prescribed selectively 
as it is associated with significantly . 
greater cardiovascular stress than 
lower-extremity work (Pollack et al 
1974), and different modes of arm 
work have different cardiovascular 
demands (Gangelhoff et aI1988). 
Prescribing upper-extremity exercise 
for patients who are dependent on 
their arms for wheelchair propulsion or 
walking with aids warrants 
justification. 
Patients should be advised that prior 
to engaging in exercise, fatigue, 
exertion and pain should be minimal. 
The intensity of the exercise program 
should be based on heart rate as well as 
ratings of fatigue, exertion and pain. 
Unlike the prescription for able-bodied 
person~, those who have the late 
sequelae of poliomyelitis are likely to 
exercise at a lower intensity, for shorter 
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periods but over a longer time course 
before physiologic adaptations are 
observed. 
Swallowing difficulty and 
choking 
Causes of swallowing difficulty and 
choking include weakness of the 
pharyngeal, laryngeal and facial 
muscles (Coelho and Ferrante 1988, 
Nugent 1987). In addition, choking 
may be secondary to an ineffectual 
cough reflex or weak abdominal 
muscles. 
Dietary and eating habits should be 
reviewed. Patients are not always aware 
that they have swallowing difficulty, as 
they may have spontaneously 
eliminated certain foods from their 
diets. Such foods need to be identified. 
All problem foods should be avoided. 
Because any food can be a problem, 
the patient should be instructed to 
refrain from eating while talking, 
laughing, or drinking. The patient 
should be encouraged to take small 
bites, chew food well and eat slowly. 
Some patients have learned to 
reposition their head and neck to 
facilitate swallowing mechanically; 
such coping strategies need to be 
identified. For patients with 
swallowing problems and who are 
prone to choking, instruction in the 
self-administration of the Heimlich 
manoeuvre and teaching family 
members to perform this manoeuvre is 
strongly advised. 
Increased sensitivity to cold 
The cause of increased sensitivity to 
cold in the patient with the late 
sequelae of poliomyelitis is not clearly 
understood. One explanation is 
autonomic nervous system dysfunction. 
Although disruption of the autonomic 
nerve supply removes vasoconstrictor 
tone resulting in chronic vasodilatation 
of the peripheral vasculature (Frustace 
1988), the vessels may increase their 
sensitivity to local and circulating 
vasoconstrictor neurotransmitters 
(Shephard and Vanhoutte 1979). 
Another explanation is reduced muscle 
bulk and fat which deprives the limbs 
of thermal insulation. Further, if 
patients are deconditioned, the muscles 
are less well vascularised (McArdle et al 
1986). To manage cold sensitivity, the 
limbs can be kept warm with additional 
clothing. The extremities are more 
likely to remain warm when the overall 
body temperature is comfortable. 
Psychological problems 
Some patients may deny functional 
deterioration and the need to reduce 
activity, increase rest, or use orthoses 
and assistive aids (Agreet al 1989, 
Conrady 1989, Frustace 1988, 
Westbrook 1991). Other patients 
experience anxiety and depression in 
response to the onset of a second 
disability (Frick 1985). Such 
psychological problems need to be 
identified and managed by an 
appropriately qualified practitioner. 
Social support may be provided by 
post-poliomyelitis support groups. 
Support groups also have as their 
mandate, the dissemination of 
information. Access to accurate 
information can enhance patients' 
understanding and the basis of 
management of their conditions. 
Conclusion 
The management of the late sequelae 
of poliomyelitis is based on a 
knowledge of the pathophysiology of 
poliomyelitis and its late sequelae, and 
from the scant number of well -
controlled clinical outcome studies. 
Any individual with a history of 
poliomyelitis warrants a thorough 
assessment. Even when patients are not 
exhibiting late-onset problems, the 
history of their disease may become 
significant when they undergo medical 
and surgical procedures for other 
problems. A balance of activity and 
rest, optimal orthotic fitting and 
weight control are justifiable 
prophylactic meaSures in all 
polioll:1yelitis survivors. 
Special attention should be given to 
the history and assessment of the 
manifestation of the late sequelae of 
poliomyelitis since this provides the 
basis for determining what 
interventions, if any, are indicated. A 
comprehensive activity-rest log over a 
representative time period which 
correspondingly assesses fatigue, 
exertion and pain, provides a semi-
quantitative basis for prescribing a 
balance of activity and rest. Gait 
analysis provides a basis for gait 
correction and orthotic fitting, and an 
estimate of movement economy with 
respect to energy cost. Maximum 
exercise testing and the use of exercise 
prescription parameters recommended 
for able-bodied persons are less well 
justified than submaximal exercise 
testing and the prescription of low-
intensity exercise. Low-intensity 
exercise programs can be directed 
toward either muscle strengthening or 
cardiorespiratory conditioning (in 
those individuals who are not 
overworking to perform their activities 
of daily living) and toward the 
enhancement of movement economy. 
Finally, the parameters of these 
programs should be based on 
subjective as well as objective measures 
to optimise the benefit-to-risk ratio of 
treatment for each patient. 
Research is needed to characterise the 
causes and the natural history of the 
late sequelae of poliomyelitis. Further, 
measures that are both valid and 
reliable are needed to enhance 
assessment and evaluation of treatment 
outcome. Measurement of subjective 
complaints such as fatigue, exertion, 
and pain have a particular role in the 
management of those who are 
experiencing late-onset problems. 
Well-controlled treatment outcome 
studies are needed to elucidate the 
indications for treatment and its 
parameters if treatment is indicated. 
Studies which evaluate the effect of 
interventions (eg, orthotic fitting, 
energy conservation strategies and 
lifestyle modification) on patient 
function are also needed. 
Although the late sequelae of 
poliomyelitis may eventually cease tb 
bea significant health care concern in 
the western world,greater . 
llnderstanding ·of these problems will 
inevitably enhance understanding of 
the long-term management of other 
chromc neuromuscular diseases. In 
addition, such work will continue tb be 
of direct benefit in the management of 
poliomyelitis in those countries where 
the disease remains rampant. 
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